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DElli \( 'I II \C; ,\ \ I) (' ,\ I'll' n E 1\ 
T ill : I. EIl H)IlIIi E sse 

\, 1\, .\lilha1e 
S u PCI'C01 1d Ill' till ~ S u p<:'rco ll i del" I.-a ho I'a \ ur.\" · 
2·;·)0 I.k('kl~\'Il"'ilde ,\"('. 1),,11,,>,1\ ,,-,2:3, 

alld 
\ Iigtwl :\. Furillan 

Abstract 

I ,a II I'< '11 ,:e Berk Icy L" bora tory 
1' lli lwsil·Y 01' Cill il'orttia 

l3erkelel', e, \ 9-1120 

\\"e [lre~w nl Ih.> dl'Jaib o f lh.·~ capture procpss in the Lo \\" 

1 ': IlI ' r~y Boos l. ~ r ( I. E 13) ro r I he sse. \\"e consider onl y !lie 
1\J It .:;i lll tlinal oIYII :lI lIic:;. S pa(t~ charge force:; ti re (Ol llpUl eo 

' llI :l:, j;; I :1I iC :l l1 y. T III-' IW;1I1l pipe is cons i d . ~ rcd 1.0 hI! P'!!"
r. 'c ll y cond uc] i]]~ . \\"jlh n-Slwc t. 10 max imizi ng: I hi! cap l ur(' 

,-Uir i. ' Il ( Y :1 li d III in i lllizill ~ llll ~ space charge (.11 li e s(.l!'t,tl d . ini 
l ia l f, ,\," Illilli ~ " ro lld:" ;\1'1' ' "ny important . \\'C! preSl' III. o nly 
I ht , IiI'S! 1',' \" l11illi~ t :( ()lId~ of t he cycle. during whirh ~pace 
,· Il :I!')!.t' " lk' I' I ~ :\1'1 ' ::; ignilir;lIl1. Fo \' the llllllwric,11 5il1111 1al.iol1 
\\' ,' ll ,":" I h, ' (,'od ., I·:S.\ I E. 

1 Introduction 

Th\~ Lo\\' Elll.' I"t:y Uoostcr (LE B) is the fi rst or I.he syn
dlt'OI rO II ~ of lilt' sse (lccdl., t' ;:lt.QI" complex. This makcs the 
LEIl <1 n i l ir :ll and comp l!'); Illachin €'. The LEB ha:- 1.0 cap
IUI'I' :-01'\" ' 1';\ 1 hl llll"h l'S cOllling fro lll the 1,1 1\ :\ C, <lI H I hun ch 
1111'111 ill10 a :-oi ll .~ I, · 1'lInch . ;lIJd aUder <lI I' Iheln f ro m d = 
rl. '~ I :! · II 0 O.!I!I!)!1. Tlli .":' g i \"t'~ rise 10 sen~ ral pt'ohl l' lHs in Ih l.' 
, 11 ·,', .. i .~II , ) rtlll· 1.1': 11 . TIII ' 11 10SI. im port (l ilt lno hlclll . or (ourse. 
i.') 1 hi ' si !.!, l1 i{i(;1I11 S I' ~ I ( I ' r harg'~ fo rces d uri ng: I.he inil ;:11 s t<1 gc 
,)1'11 1\:0 ('yr h'. To 1IJ1<iI,t'st:.llld t he erl"C\L of spilCe cha rge forCl's 
" 111 ' II;]. .... II) n)ll ::- ilk l' lilt.' IOlig ittlJ illa l i:l1Id Iralls n :o r sc dy-

11 :lIlIi (' s: Ihi ~ is Iltl' stl l). jec ! or :lJlOl.hl.'l' :S lli dy. preli lilill ary 

1'1 .. ..; 1111.<: of which , 11'1 ' Prt':'I' lIt(~d at , III:-:w prorl,,'di ll gS[ I ] . 11 1~ 1'I" 

\\"1 ' \\"ill . h()\\", ' \·I ' t'. i'O ld ilW ol JJ" sl~ I\" \ 's 10 !.III? 10llgillidill<11 dy -
1I;l llli l'S :lIl t! "Oll ::; tl"lll'liuli of ti ll"' 1'1' \·o lt i.l !:)(, pl'Og l' <l 1l1 ror tltl' 
I.I·:H. \\ ',. d0 110\ wis ll to discw;:; til l' ad\',lIIt"lges ~lIld diS,HI
\ '; 1111,;]:":"':-0 cd' difi'I'l"C ' 1I1 ca pllll'l ' procedures . \\ '" PI'I'!;t' lI l. 111' 1'1' 

tltl' 'ldi;d l'l l. ic ('apl lll' l' IHOfI'SS:WC, however. I'I 'lll<lrk I h ilt. 1 he 
1.1 \ :\ (' freque n l'y h ~s Iwen selected suc h l.h"I. I.he p.:lin l.ing 

......... 1.1 ' 1111· (("Ild ;11:-:-1) hi ' adopled . 
In :lI li;ti !a l i(" r; q H 111"1" i ll ;1 1"1':-;011;1 II t syste lJ l. it is ( lIsl.0 [\\· 

; !I'y I' i lll l' !" l u illjl 'n ill ad\',II If1' o f llu" 11I 0 1l11;' IIIUIII cm\"l' 0 1' 

I .) il1j " ( 1 ;1 lilll l' aho \"l ' lhc n>ft'n.' uce t' llcrgy. This is. done 
10 ;l chit' \ 'I' tll ' htli lehing of Ihe l inac hlill ches and 1.0 ca plu lT 
1111' 111 \\'hil l' lI lt' ~Y ll c h rollO I IS pllasp is lo\\' . POl' Cs.all lpll' Ill(' 
1-",\ :\1, h llO . ..; I I' J' il1.iI ' ("b ,Iholll IUU l11iao:;ccolld s bl'foJ't~ th c 
1,,\[ I Olll of th,' 1 1 1:\ .~IJI·' 1 l'illIljl CIII'\·p[1]. Si lllil al" n 's llll ~ (',Ill 

' { )p ,·!";tl, ', 1 I ,.,' 11 1(' 1.·l1 j'·l'fs iljt"s [;,·.'H:;lI'..[1 :\:'SO .. j,i ljltlL [,Lt.: . ((,I' 

11" , I ·.~. ] '}"pal"llll"111 "f 1·: nl'l"~Y . tlllder cnll l !"il.cl Nn. ur,·:\l'U"l
. ..,: 11·:1, ·11)·1'-':1, 

1 

Pal""'lllcl. l~r Nomin a l V,du e 
I{inl, tic Ellergy (i00 MeV 

Longil.ud ill<11 enlit.lilll ce(l"1 11s ) () x IO-'eV s 

Elleroy Spn~il d ( nns ) 0 , 105 MeV 
Lcngl h ( nns ) I ,6:j ( Ill 

Jill (' r(rms) 0,075 ~ l eV 

Tr':lIlsn~ rs l ~ [,ni!.1 " 11 ( 1'( r ills I O. I " mm mrad 

T ;lhJI ' I : .\ li cro l'llllcll CI I ;lrac tf~ ri s {. i('s 

he o hl.<l in cd hy inj e(' 1 in g ;It· II ii"' hOLt.o1ll of t.he 11l0 1ll1:' n t. 1I11l 

cur ve hut at. ~OIW' what higher cllcrgy[:3]. In I.he rl' pro
gram we propose IH.:' n ~ W(:' do 1101. do either. The resultant 
t.rans11liss ion and bunchillg faCIOI'. howcver , are similar to 

thc F~AL boosl.er. Idens ill\'o l\"('d ill the const.ruction of 
t he rf \'oll (lge p rogl'(lill ar(' ex plailll!d ill Section :1. 

2 Injec tion Para m eters 

AII.ho llg;h lil t' <I t.: t uat p ~lrti r ll 's inj ec l.et l art' 11- iO lls. t h ,~y 

are illlilled ial.eiy sIl' ipped or Ihl~ I.WO elec t rons in I.he s l r ip

ping foil. Th e injl'c ti o ll in to thr LP.S is multi- I.ul'll : he re 
m~ cOllsid er f0 1l1' 1111"11 injPct.iOII. In ('neh I,urn t. lle LIN.-\C' 
\\'il l injet.:i. n Illi croh IlIlCII (,::; il1l o eac h of I.hc LEn bu t.: ke t.. 
TIlI~ rf f rl'q llPllcy of Ilt l? LJ :\ :\C' wi ll ht~ so adjus l.ed t.h ,, !. 
Ih e :w llli c l'o h\lIl C I ]f '~ ill .111 LEn bu ckCI. wi ll I)c eq ua ll y 
::-p<lced. TIll.' 11linoh llll l' I]f '~ ; 11 I he I~ nd o f the LI N AC have <I 

large e nt" l'gy spread: hO\\"l' \'1'1", ;Ir,.el' passin g t hrough a dr ift. 
and a rOlnp re .... sOI' til l' 1 ~ lll'rgy spn"ild is rcuuced[4]. Durin~ 

Lhis process the Illi erob ullch is shea red (in phase space) so 
Ih al. i l. lwcolllcs lonw· r . Ihl~ r l" hy red uci ng lhe charge d~ ll 

sil.y <l long t he bun ch. III Hdd it. ioll to tit €' encrgj' spread th t:' 
an~ r<lgc energy 0 1" I h~ Illi cl'Ob llnrlw's Ilil S (l j itter. Ta ble I 
:' lI l1llllar iz('s Ilw ch;u llc II ' ri st ics of I.h,~ Illic robu nch es. 

3 LEB Parameter s 

The I.E I.1 has S llJwl']lc~ riodici t .y of Ihree with th rf:e tong 
sl.rili gh t. 5 1 ~ ctioIlS. O ll l~ of I.lp! ~ 1. l'ai g ht. sl~c t i on s is for ,.he 
rf GI\·il.ies <llId I . IH~ ot her 1\\'0 arc 1'0 1' in.i ec tion a nd extra c-

1 iOIl. T he pi.ni.llllt~ l l~ r :; r c lt ~ \· ;lJlt. 1.0 longitlldinal dynamics are 
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1' 1'0 1 O Ii S/ L Lll ~ I . ll ll i" 11 10 1
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l i st ed ill Tilbll~ '2 <11>0\"1'. TIl! ':':= " 1';lril1ljl' t' ~ r :-- h il \ '" chang,'d 

["I 'cent.ly: IIH' IW\\' jl,ll'a llll' l f' I"S ;11"1 ' ,~ i\" '11 II I I h".':;,' IHt) ce,~d-

illgsf';j, 

4 The Rf Voltage Program 

;\ ::; tl o l.,;'d abo\"e. COll :, tl"lI ("lio ll ,) [" III!' rf \'o lt a~( ' p rog; r,llll 

should lllillilll;Z' ~ till ' spa ce rh(l r~" t lli ll-' :-" jll" ~; ld (,I llleasu re 

or whi ch is ~ i\" e ll by LI . .,:-..I, ' I I I I lit' shirl" illld h,,\' ,~ illl ad
f·q U<ll.e t["aIlSllli :';siO II. ('o lllpl,' l.t' lkh lll\ clllll :-; will requ ire '\ 

:-;Illa ll :,;yn chrollo lJs ph ase <J II g:1c I,u cap I.lln-' il Ili gh rl" ac I.ioll of 

part,ic lc:'; . T ilis. in t.llfll , [""q uire:>; ;1 h ig h rr \·oll.<l g;e , lIi gher 

\"oltage, t. hou gh. g i\"(~s a I fl rgc h ll r kel lIreil . d oes no t g;uaran

I,('C t.hat. bunch area will be la[".!-.!;t'. It. is I,il t.' l)lIllch a rea and 
how I.ight.ly t. he hUll ch fill:<; [Ill' h ll ,k,-' ! I lleli ,j, ~ tl : l'I11il1(,s e1 

i'a yo r cli l le hun ching faclor. h Jr;1 g i\'I' ll hllllr il ;H" ; \ ;1 Stl lillJ

he ight, bucket (b llt, higher 111 ;\11 Il w l 'lIll rll) 1" lI ds 10 .si n' a 
IOll ge r ,111d sm{l il - I lei~ h l. b lill ell Tl lI~ ;\lh)\\';lhk 1IIIIIch , 11"1 '; 1. 

,) f co urse , is d eterlllin pd hy l ll\ ~ 1IIIIi1 S 0 11 \.III: rr \"ol t. ilge. 

rhis l ,h e ll ddermilws [II!:' l' IICI).!;y SI) l'l'a d n,'ces:';,lry 10 1" I . I I ' ·~ 

Illi cro bllll ch. Thus t he rl" \'o l l; l ~l' 1111 151· 1)(> so (U llSI.rIl (, l eti 

lil;:lt dlt: hli ckpI is q lli le rllll . ()II(' ~ til" l"I ' I' I\.i\·i::; li c !'frccl, 

Illore IlIilll (O lll[Wn:-;.al t's lil !, 1)JI I H: llill .~ prorl's.,,:, hO\\'t'\·t' I" . I.III' 

hU CK('t :11'1-' (1 ~ II O IJ!<I Iw 1'1 11"1 hi ' !" Ill f !'! ':!:::'·' .! 10 pn ' \""111 11 )1" l os~ 

dllC' 10 slo \\' illll"i1.io ll d llr ill .~ 11]0' :I\' ("( II'I";lli ,)l 1 cy, It.' . 

Cood Ir;llI S1Ili sSIOIl. ill ;I\ I,li,io ll 10 ;In) itiill t; 1I)II g 1, ' 1"1 11 

:11.lril.io ll. 1l1llSI illso capl.l11't ':1 .~ond fl"<lcLi"ll o r pinli c l!'." ill 

lil t: illiliaI1l10 111 I"'IlI S. \\'t ' ; I ~'hi('\' , · Il li ~ I\Y;I P;lI"tl rll. I";llh d 

thall a COllIPI(~ te , dl.'l.)\Itl(" h illg o r I . III ~ Itli Cl'obullciJes. \ Io l'e 

(1,' I,a ils o f I llis Ilwc: haIIISJ11 ;In' ':.!,i\·"ll r+.,,' WII"I",' [(j). lI e!"!:' \\., ~ 

p r ('~ ,' nt 111 (' F'SUit ill g rf pl'og rar ll. 

J.' i g;1ln' I :-- ho \\' ;,; Ilw hIlC],;, '1 ; 1]"1 '" i\:, ;1 1"IIII('Iio il of 111Il!-', 

r o r [.he (irsl ;;0 JI -':i (;.1 hO lll I ;~ I l lrtl S) Ill!' \· oh_ <l g:.~ i:, k': jll 

;11 it Il1illi l1l1l1 l1. p l'l~ r(~ rahl.\' ;11 ;-" " 1' 0: \\',' h<1\'(' Ilsc·d th t.' value 

o r -I I,V ~l ;') pr<lct,icah le, Tll t' ll IllI' \ 'o lta gl"' i;<; sm oot.ltly bu\. 

r,' p idl y i n (" l'I 'a:':=l'd lip t o 0 .;·) Il l.'" ~ II (" J. ,hill. el hlln ch fill s t. lt t.' 

hll ( kl.' 1 ' ]l l i{. , ~ ti g; hl.ly, 'I'll" h lln "h il1"l?" Ul:)Y() al I hi s 1110-

1111 ' 111, i :-- aho ul .In "\' :-;. i n 1'( )I1I]1;l1" i :--OIi In ,h,' Im c!.:!;' \. arf'a 
I) f O,(j:il' "' \ ' ..... TIL t-' h ll ( k"1 ;11"1':1 i.", Ill;lin[;l lllt,d at. .O ;~8 I ~V s 

lip 10:3 Ill :';, IJY which lillll' I III' 1'1·1;lli\"isli c t'lrec\. is ab le to 

('( ) lllIH"IISi1It' I"urther 1)1111('11111 :-;", Tlli ::; li g ht ,) hUllch C(lll 110 [, 
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Fig ul"e 2: HI" Vo lt,agt:' vs Till1l' 

1)(' Ilwillt.a ilwd \\'i t. hou l. further loss or ]Hlr\.iclt':' ci S I he :';.'0' 11 -

c1 n o ll o ll :'; phase ':lIlgle I:'; IlI("n~ ;j ~ ~~ d , Th t'rd'on' th e bllCkl~ 1 

area 1:--; rll[', . h'~ r im:rea::-ed 10 .();")4 ,?V ~ IW[Wf't' ll ;) 10 .1 tn ~. 

T h is huckel, a r ,~ (l is I,hell IlWil1[ ; li lll~ d ( nol. :,;hO\\' lL ill till! fig

lire) ullt,il :m lll S, beyon d which i l. Celll 110t· Iw I llaitl l.fli lled 

dI ll: 10 t he lkcrea~w ill I.he \',ll u!' o r s l i p f<l CIOr a nd phase '-1 11 -

0: 11", !lased 0 11 th e <lhove id,·~ as I,he rr \·olt.age program. I.he 
first 5 1l1S of which is shown ill Fi gure 2, was cons t.rtlclp.d 
using t he p rogr a lll RA !\ IPHr- prc~f' llt l'( 1 (- ' I s ,~ \\' here i ll t.hl'se 

procl'edings[i], 

5 Simulation and Results 

\Ve 11 :';1' 111I~ co dt~ F.S~ IE for I.h(' l.r;lc k ill gs illlulat. io ll . ,\:l. :2 UO 
p<Ht. icles (l200 i n each minob ullCh ) \n' 1"I~ tracked. T o fl C

(OUIlI. for 1 . 1t~ ' jit.t,er in I he ~~ Il !.' rgy . I he elle rgy sp["ead and 
the .ii[.Ler m~re ::l(lded in qllilur;I[,u["C. SPilCC ch a rge efreds 

illcludi ng th e cOIIJu ct ill g wDlI ,uP IIl cl llded ill th e silllul a

l.iOll , T he space ch arge (,{llc ul{ll.io llS arc~ h,lsed 0 11 a qua-
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Figure :~ : SPilc!~ C h;It'g ~~ 11l11(~ Shift. \ 'S Ti me 

:.;i SLal ic C\";!lUiI! iOIl .lS p ':, r I h , ~ code r:S~ 1 £[8]. Due to t. he 
\"c ry silla ll IOll giL li ci in;l l l' llli t.! ;111re o f t ilL' lIli cro bull Chcs , fo r 
1 he first I IllS, il. W(lS I l!'(es~ary 1.0 g i \"e lIille ki cks per t urll 

fo r '-1 p ro pe r C:':-l illl a l r~ of t he s pace r h ;;l rge fo rces. Beyoll d I 
illS il :.;i ll g; l( ~ ki c k pe r 1 IlI" Jl g<lH' adl 'Cj U.:lLe res ul ts ; we , ho \v 

t ~ \'e r , p rest..' 11 1. I he res lll ts LJ Si ll .l!, Il in e kicks pCI' t.urn . Th e 
I ranS\'e rSt! bea lll ;o; i ze co rres po nds to t he aver age va lue o f 

t he hc\,a- full ct.io ll . Th e (lC 1.1I 11 1 bea m pipe is 11 a t· circul ar , 
but rat her ;:11 1 1>lIi ps€' : tlw efl'ec l,i ,"e hea tH p ipe ra dius used 

was t. he geomct. ri c mea n of' he l.wo axes o r t. he ellipse. A 
pa rt ic le is assu lI1ed to hI! los t. if it.:o:; ilvcrage closed o rbiL 
dev ia tion is Ill o n~ {ha ll '1. 111111 . 

Figure :3 sho\\'s ,he spacl' cha rgl' t II li e s hirt. . T he c fli 
t' lelicy of ( :'1)[ 11 1'1 '. o r I rilll:-:-ll ii ss io li. IS ~l~% ror I.he C' llt.ire cy
clc. Th~.· l o ll g i[ . ll di ll <l I .,,; p <lcC " ha rge rorces redu ce the t l' il llS
\'I?rse l illie shifl. hy ;lholl t. '1.0 Vc\. Th e ::> pace ch arge efl"ec L, as 
'-;1~C Il fro lll Fi gure .1. result,s in Illi xill g o f t. he panicl es and 
sp rL'a d i llg t. he p:l rt iclt's 0 \'(' 1' 1ll 0~ 1_ o f I.h(' huckeL arca . T he 
hUllch <.Iwa(9 ;")(J() :11 :~ il lS i:-:; :d101I\, .0:30 eV :-:;. T he hlill ch
ill ,~ 1'<1( [ 0 1' <It. ilb~) ll[ 100 IlI l'n :" i~ (o illpa rab le 10 I.he r N A !' 
~ illl lll" l iOll ['l.(j). 

6 Discussion 

The r f \'olLngc program. prt,'scJl [ ed Il l' re. giv('s results CO I11-
p<l ra hlc to Ihe I'f program iH t.lw F i\ ,\ 1, ('2.6) as fa r as t. ra ns
miss io ll " li d l) u llc h jJl ~ ra(\.o r~ a re COll cC l'lwd. \Vhet.h N I.hi s 
wi ll a lia \\" It:-:; 10 pro·di r !. th e Iwha\'io l" o f 1 . l lt~ LEn us ing 
lhe f \ .-\L h OOS I,I' 1" a s all t,' xpI' rilllenl.:11 p roo!" o f Lra llsverse 
dyn a mics is 11 01. yel d ear. T here ~Ire sL' vcra l dirrerell ces 
he tween I he III <lchi nes : fo r « ~ x<lI l1 pl e ~up«~qH;' l'i odic it .y , t,ra n

~i t.i oll gamllla <llld ~Y I I(" h rol rO il I Ull t ~ . .--\ [lol.llI: r q l ll ~ :'j [ . i o ll I::; 
\\· lI d .her <l S illl p l l~ scali ll ,!!; of Il w ill [Plb il.y and tra J\sn~ l'se 

'; lllitt.a ll r (' is t ht'orPli (";tl ly ;;;01 11Id . Though n'" ca ll HoL g iw' 
;1 l'i ,~o l'o U S proof. \\'t~ f' Xr l ~ ([. r It a l ! l l t ~ rf p rO~ r <l 11l \\'(> propofi.p. 
:lS fa r as aJ ia bal,ic cap 1-Llrl' i:-:; l'o ll cc rllcd . is wel l OP [·ill li zet! 
1'0 1' goo t! h ll nch ing fa cto r :tll d Ir ; ln ~ lll is~il) ll . 
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